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Abstract 
Gold nanoparticles (AuNPs) are widely used for medical applications, because it ability to convert as 
colloidal solution, have no interaction with biotic tissue, low toxicity, easy in the detection, and thermally stabile. 
This study focuses on the treatment of prostate cancer by interaction the gamma ray (6 MeV) with Gold 
nanoparticles, without the extirpation of prostate. This method occurs in a minimum dose given for the patient 
for the improvement of radiotherapy that is used in prostate cancer treatment by depended on pair production 
phenomenon. 
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1. Introduction 
The prostate gland sits in the pelvis, surrounded by the rectum, the bladder, and it is fixed to the bladder floor, 
the urethra communicates between the bladder and the prostate into the penis (Kantarjian et al. 2007). Prostate 
cancer is the most common cancer in men and the second after lung cancer leading cause of cancer death among 
men in the world (Jemal et al. 2010). In most men, the cancer grows slowly, many men with the disease will 
never know they had the condition. Early prostate cancer is confined to the prostate gland itself and the majority 
of patients can live for years with no problems (Christopher et al. 2010). This cancer is characterized by both 
grade and stage. The size and extent of the tumor determine its stage. The physician can be divided the treatment 
options according to risk (Christopher et al. 2010). Local treatment is composed of surgery and radiotherapy 
(External beam radiotherapy: EBRT or Brach therapy: BT). Systemic treatment is hormonal therapy (LHRH 
agonist or anti androgen) or systemic chemotherapy (Barrett et al. 2009). Radiotherapy consists of external beam 
radiotherapy (EBRT) and brachytherapy (BT). These treatments can be used as mono therapy or combined with 
each other. Radiotherapy can be used as radical treatment (EBRT or BT or both of them), adjuvant treatment 
after radical prostatectomy (EBRT) and palliative treatment (EBRT). Radiotherapy has been developed for a 
long time in giving the dose directly to the target lesion (prostate gland, seminal vesicles, and lymph nodes) 
(Bentzen et al. 2008 ). To increase the absorbed dose in cancer tumor inserting a material with a high atomic 
number (gold Z=79) locally in the region of the malignant cells (Hainfeld et al. 2008). In vivo this would be 
achieved by injecting gold nanoparticles. The injection of gold nanoparticles to enhance dose has already been 
proven to be viable using an animal model together with high energy photon beams (Hainfeld et al. 2004). Gold 
nanoparticles (AuNPs) are used in therapeutics because their unique properties of small size, high reactivity to 
the living cells, stability over high temperatures, and translocation into the cells (Pooja et al. 2011). AuNPs are 
the colloidal suspension of gold particles of nanometer sizes (Roa et al. 2009) .The size of AuNPs is determined 
by the gold salt concentration, temperature, and rate of addition of reactants resulting in size range of 10 nm to 
25 nm (Grzelczak et al. 2008). Therapy combined with metallic nanoparticles is a new way to treat cancer, in 
which gold nanoparticles (AuNPs) are injected and bound to tumor sites. When an external photon-ray source 
hits these nanoparticles, particles can subsequently generate free radicals that damage cancer cells and induce 
cell apoptosis, AuNPs were used to enhance prostate cancer apoptosis by radiotherapy with little or no increase 
in harm to normal surrounding tissues (Liu et al. 2010).  
 
2. Theoretical Calculations and Results 
Photons may undergo various possible interactions with atoms of an attenuator (photo electric effect, Compton 
scattering, and pair production). The probability (cross-section) for each interaction depends on the energy of the 
incident photon and on the atomic number Z of the matter. When the energy of photon 6 MeV and the attenuator 
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is the gold (Z=79) the pair production is prevailing these electrons and positrons generate free radicals then cause 
damage to DNA of cancer cells (Powsner and Powsner 2006). 
The linear attenuation coefficient (µ) relate with probability for pair production interaction (cross section σ) by 
(Henke et al.  1993): 
 
                                      µ = ΝA σ w /A                                                                                                  (1) 
 
where µ= linear attenuation coefficient (cm-1), NA= Avogadro’s number, σ= the microscopic cross section for 
reaction (cm2 ), A= mass number, and w= the mass (g). 
Dividing both sides by ρ (g cm-3) 
 
                                     µ/ ρ = ΝA σ w/ ρ A                                                                                          (2) 
 
 µ/ ρ= mass attenuation coefficient (cm2 g-1), from equation 2 the cross section equal: 
 
                                                                                                                                           (3) 
 
The equation of irradiation is given by (Proh et al. 2004) 
 
                                            Nd = φ t Ni σ                                                                                              (4) 
 
Nd= the number of cells destroyed cancer cells after irradiation, φ= the flux of particles (photon cm-2 sec-1), t= the 
time of exposure t (s), and Ni= the number of cancer cells per unit volume (cell cm-3). 
 
By substitute equation 3 in equation 4 result the equation of irradiation can be applied in simulation program 
    
                                                                                                                             (5) 
 
The mass attenuation coefficient for the gold and prostate can get it from National Institute of Standards 
and Technology (NIST2004) (Hubbell and Seltzer 1996), the composition of prostate tissue can get from 
references (Wood and White 1986), and the fractionation was assumed to create a suitable therapeutic (Halperin 
et al. 2008). Computer program was developed in a simulation program using (5) for a prostate with Gold 
nanoparticles (AuNPs) in concentrations (0.001, 0.002, 0.003, 0.004, 0.005, 0.01, 0.02, 0.03, 0.04, 0.05, 0.1, 0.2, 
0.3, 0.4, and 0.5 g). The energy of incident photon was 6 MeV, the flux was 1016 (photon cm-2 s-1), and time of 
irradiation was 1200 s. The results are tabulated in Table 1 and Table 2.   
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3. Discussion  
The results were showed increasing in number of destroyed cancer cells due to existence of gold 
nanoparticles in cancer cells with high concentration. These results were agreement with literatures (Halperin et 
al. 2008; Butterworth et al. 2010, Heuvel et al. 2010; Pissuwan et al. 2008). Gold nanoparticles (AuNPs) have 
biocompatibility and ability to increase dose deposited in tissue because of their high mass energy absorption 
coefficient, which caused breaks in DNA (Conde et al. 2012; McMahon et al. 2011). Results have improvement 
in the treatment effects on cancer cells. Maximum damage noted in concentrations (0.001, 0.002, 0.003, 0.004, 
0.005) and then (0.01, 0.02, 0.03, 0.04, 0.05) as shown in Figures ( 1, 2, and 3), because nanoparticles formed in 
size to become capable to enter the cancer cells and make maximum damage inside the prostate cancer cells by 
single shot.  
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Figure 1. Number of destroyed cancer cells by dose fractionation when photon energy 6 MeV and gold 
nanoparticles concentrations (0.001 g to 0.005 g). 
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Figure 2. Number of destroyed cancer cells by dose fractionation when photon energy 6 MeV and gold 
nanoparticles concentrations (0.01 g to 0.05 g). 
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Figure 3. Number of destroyed cancer cells by dose fractionation when photon energy 6 MeV and gold 
nanoparticles concentrations (0.1 g to 0.5 g). 
 
4. Conclusions 
This work developed a method for enhancing the treatment of prostate cancer by using gold nanoparticles with 
gamma photons. The results showed that gold nanoparticles (AuNPs) with high energy photons enhanced the 
radiotherapy, where increase the number of destroyed cancer cells (destroy large number from cancer cells in 
minimum dose that given for patient), the results can be arranged in three benefits using gold nano particles with 
high energy photons: 
a. Compared to AuNPs localized a higher concentration of AuNPs in prostate cancer cells. 
b. AuNPs increase the absorption of radiation in tissue. Thus, lower doses of radiation can be used, avoiding 
the risk of side effects. 
c. Damage to the tissue, which it surrounding of the cancer is decreased because the concentrations of gold 
nanoparticles increase in cancer cells.  
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